Background: Empathy towards patients is considered to be associated with improved health outcomes. Many scales have been developed to measure empathy in health care professionals and students. The Jefferson Scale of Physician Empathy (JSPE) has been widely used. This study was designed to examine the psychometric properties and the theoretical structure of the JSPE. Methods: A total of 853 medical students responded to the JSPE questionnaire. A hypothetical model was evaluated by structural equation modelling to determine the adequacy of goodness-of-fit to sample data. Results: The model showed excellent goodness-of-fit. Further analysis showed that the hypothesised three-factor model of the JSPE structure fits well across the gender differences of medical students.
Background
Empathy, the ability to effectively grasp patients' emotional needs in the context of patient care, is considered to be associated with improved health outcomes [1] [2] [3] [4] . Over the past decade, medical educators and professional bodies have increasingly expressed concerns for the humanistic values and the enhancement of interpersonal skills among medical students [3] [4] [5] [6] [7] . The Association of American Medical Colleges recommended that empathy should be integrated and assessed in graduate medical education [8] . Crucial to the measurement of empathy is the availability of an instrument that can validly measure the empathy of medical students.
Although twenty instruments have been employed to measure the empathy levels of healthcare professionals [9] , the Jefferson Scale of Physician Empathy (JSPE) has been specifically constructed in the context of the doctor-patient relationship and patient care [10] . Over the past ten years, the JSPE has been used in several settings to measure empathy among not only undergraduate and graduate students, but also practicing doctors [1, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The JSPE enables medical educators to "evaluate the effectiveness of educational interventions aimed at promoting empathy". It can also be used to examine the variation and correlation of empathy in different years of medical education and between genders [13] .
The JSPE is undoubtedly the most widely used measure of empathy in the context of patient care and has been translated into 25 languages [26] . Nevertheless, its construct validity for use by medical educators to assess medical students has not been firmly established.
The seminal work of empathy researchers showed that empathy was a multidimensional model comprising three related constructs: (a) perspective taking; (b) compassionate care; and (c) ability to stand in patient's shoes [17, 18, 27] . These dimensions (factors) have been empirically produced using explanatory factor analysis (EFA). A limitation, noted with respect to previous validity research, is that the JSPE has only been examined using an EFA approach based on principle component analysis. It has been well documented that there are several deficiencies associated with the EFA approach to determine the validity of latent constructs/ concepts of a scale (factor validity) [28] .Thus, the primary purpose of this study was to test the psychometric properties and the theoretical structure of the JSPE among UK medical students via both EFA and confirmatory factor analysis (CFA).
Factor analysis
Factor analysis is the most powerful statistical procedure for scrutinising relations between observed and latent variables. To this end, researchers investigate the correlated variation among a set of observed variables in order to glean information from their underlying latent variables (factors/constructs). There are two types of factor analysis: EFA and CFA. A brief explanation of EFA and CFA may facilitate understanding of utilisation of CFA in this study.
When the researcher is not aware of the connections between the observed and latent variables, the EFA approach describes how and to what extent the observed variables are related to their latent constructs. The number of factors that have been generated from a set of items in a study using EFA is termed the factor structure or model. For example, if a study has generated 3 factors, the model is termed the three-factor model. This is in contrast to CFA, which is used when researchers have prior knowledge of latent (underlying) variables and seek to confirm factors that they have found using EFA. The EFA approach is a data-driven approach in which a model or theory is created whereas CFA is a theory/model driven approach where a model or theory is tested. CFA thus departs from EFA in that researchers must first identify a factor model before analysing data.
Methods

Participants and procedures
We conducted this study between March 2009 and February 2010. The study cohort represents 68.24% (n = 853) of the total medical students at the University of Nottingham, UK, encompassing both males (n = 351) and females (n = 470). Some students (n = 32) did not indicate their gender in the study. No financial reward was provided for students wishing to participate in the study.
Measure of study
The JSPE is a self-administrated 20-item scale designed to measure empathy in the context of patient care and doctor-patient relationship [1, 29] . The questionnaire takes 5 minutes to complete. Students rate their level of empathy for each item on the JSPE from 1 (strongly disagree) to 7 (strongly agree), with higher scores indicating higher levels of empathy.
Procedure
Following ethical approval granted by University of Nottingham Medical School Ethics Committee, the JSPE was recast in the form of a web application via Adobe Flash. A confidential hyperlink to the questionnaire was then placed on the Networked Learning Environment of the University of Nottingham. Access to questionnaire was therefore only granted to medical students at this university. The items were not mandatory and students had the option of abstaining from each question. The application stored the information collected from the study within a secure database. This data was subsequently downloaded directly into SPSS 17 for further analysis.
Statistical analysis
Responses from medical students to the scale were coded and entered into SPSS 17. Demographic missing data were coded as missing and excluded from relevant analysis. We replaced items of missing data with the mean. However, those students who did not provide a response to four or more items were not included in subsequent analysis. Based on this, 54 (5.30%) students were excluded from the study. Descriptive analyses were performed on all items.
As we do not have an idea of the underlying components of the JSPE in the UK, we performed Principle Component Analysis (PCA) to explore the links between the observed variables (items) and the latent variables (factors) and to identify the factor structure. The nature of PCA is exploratory rather than confirmatory [30] . We retained only factors with eigenvalues greater than 1.25 [31] . Factor coefficients of 0.40 or greater were required for the interpretation of the factor structure [32] . A Cronbach's alpha of > 0.70 is considered to be an acceptable reliability coefficient for determining the internal consistency of the scale [33] . Corrected-item total correlation (the degree to which each item correlates with the total score) was performed to identify items that are problematic and need to be revised or discarded. Pearson's correlation coefficients were calculated to investigate the inter-relationships between the JSPE dimensions. Known group validity (the ability of a scale to distinguish participants of one group from another group based on their responses to the scale) was assessed by comparing gender groups using t-tests.
Structural Equation Modelling (SEM) was performed to evaluate relationships between structural paths and latent variables (factors) using AMOS 17. SEM is a confirmatory technique in contrast to PCA [30] . Data analysis was carried out in two steps. First, to facilitate interpretation, responses for negative items were reversed. Second, the multidimensionality of the structural model proposed by this study was tested by total sample and gender for its fit with the observed covariance structure of the measured items.
Assessing the degree of model fit
We assessed the parameters of the model using AMOS 17. Five goodness-of-fit indices were calculated in order to assess global fit of the model by total sample and gender. These indices include: χ 2 and its subsequent ratio with degrees of freedom (χ 2 /df); goodness-of-fit index (GFI); adjusted GFI; comparative fit index (CFI) and root mean square error of approximation (RMSEA). The chi-square statistic is calculated to assess the fit between the hypothesised statistical model and the set of observed variables (items). A statistically significant chi-square test suggests that the model has a lack fit to data. In addition to the chi-square statistic, a range-offit statistics (such as GFI) was calculated to describe how well the model fits the set of observed data. The GFI shows the degree of variance and covariance together explained by the model. The value of GFI ranges between 0 and 1. A value of 1 indicates a perfect fit. CFI compares the fit of a null model (i.e., when unobserved variables are uncorrelated and independent) with the fit of the researcher's model [34] . A CFI value of greater than 0.90 shows a psychometrically acceptable fit to the data [30] . RMSEA is another quantitative value which describes how well the model fits the observed data. The value of RMSEA must be below 0.05 to show good fit.
Results
Principle component analysis
The Kaiser-Meyer-Olkin (KMO) analysis was carried out to examine the criteria of PCA for identifying the factor structure. Since KMO index was 0.89, the data set is suitable for factor analysis as it is greater than 0.50. Bartlett's test of sphericity was highly significant (χ 2 (190) = 2386; p = 0.00). This information allowed us to identify the factor model using the PCA approach. PCA of 20 items yielded a three factor model that accounted for 41.51% of the variance ( Table 1 ).The first factor, which accounted for 22.17% of the variance had a factor weight ≥ 0.48. This factor, denoted by "compassionate care", is explained by ten items. The second factor, labelled "perspective taking", accounted for 9.93% of the variance. This factor includes four items. The final factor entitled "emotional detachment", accounted for 9.41% of the variance and consisted of three items. The remaining three items (1, 8 and 15) did not correlate with any one factor (did not appear to load on any of the factors), suggesting that these items may be inappropriate in their present form when used with medical students. Table 1 also shows the means and standard deviations for each item in the JSPE. We computed Pearson's correlation coefficients to investigate the inter-relationships between JSPE dimensions (factors). Correlations between each of the three factors (components) are outlined in Table 2 . All of the correlation coefficients were significant and positively correlated with one another. Based on the magnitude of the coefficients, the strength of the association was greatest between perspective taking and compassionate care.
Confirmatory factor analysis
We performed CFA based on the variance-covariance matrix using the AMOS 17 statistical package for testing the three factor model [35] . Parameters were estimated for the CFA model based on the maximum likelihood procedure (sometimes called path analysis) involving fitting the variances and covariances among observed scores. AMOS therefore created a covariance matrix, including the variances and covariances among observed scores.
It was essential to identify the three factor model in order to estimate the model parameters. Factor loadings and the variances and covariances among the factors plus the variances and covariances among the errors were used to identify the three-factor model. In conducting CFA, no warning messages were received from AMOS regarding parameter estimates. Based upon this information, the three factor model passed the "rules" for identification [34] .
Following identification of the three-factor model, we examined the assessment of universal fit pertaining to the quality of the model in AMOS in order to support or reject its appropriateness for the population examined. The next step was to illustrate the observed (items) and unobserved (factors) in the hypothesised model (Figure 1 ). The observed variables are represented as rectangles; ellipses represent the unobserved variables and the circles represent measurement error. The structural model consists of three interrelated constructs, including compassionate care, perspective taking and emotional detachment. The arrow between the unobserved variable and the observed variable represents a regression path and its number represents the standardised regression weight. The arrow between a small circle and the observed variable represents a measurement error term. The double-headed arrows represent the correlation between two unobserved variables (factor covariances) of the model. Given that items 1, 8 and 15 had no significant factor loadings on any of the factors, they were excluded and a final model was proposed in which only the remaining 17 items were used to measure the underlying constructs of empathy. Thus, the 17-item JSPE model was separately tested for each data sample (total sample, female sample and male sample). Nonetheless, corrected item-total correlations were significant for these three items and they thus contribute to total scale score. In viewing the model shown in Figure 1 , readers will note Table 3 , the significant χ 2 value (p = 0.00) does not imply support for the three-model factors in total sample and by gender. In other words, when a model has a good fit to the observed data, the p-value for chi-squared test is not significant. Therefore, one might conclude that the three-factor model in the total sample and by gender has no good fit. However, it should be noted that empirical studies showed that the p-value becomes significant if sample size is large enough [34, 36, 37] .
Given that the interpretation of the chi-squared fit test is affected by large samples (as seen in this study), psychometric researchers employ the ratio of chi-square to degrees of freedom as a superior index for assessing a good model. A ratio of ≤ 2 indicates a superior goodness-of-fit between the three-factor model and the sample data [38] . Returning to Table 3 , the χ 2 /df ratio is ≤ 2 in three data samples (total sample, female students and male students). This demonstrates that the three-factor model provides an adequate representation of the data, reflecting a good fit. Given the sensitivity of the chi-squared to sample size, a wide variety of other indices have been suggested to assess the adequacy of the model. In reviewing values of both CFI and GFI in Table 3 , it is evident that the three-factor model represents a very good fit to the total sample and male and female students.
The RMSEA is another "fit" index that assesses the absolute fit of a model. A RMSEA of < 0.03 in three samples indicates good fit. It is apparent from the goodness-of-fit indices that the three-factor model provides the best fit to the observed data. A separate analysis was run to evaluate potential modifications for total sample, male students and female students. Based on small modification indices, all items were correlated.
Reliability and known group validity
The Cronbach-alpha internal consistency estimate for the 20 items on the JSPE was 0.76. In comparison with other studies our coefficient alpha was lower than that reported for American and Japanese medical students (r α = 0.80) and higher than that reported in Mexican (r α = 0.74) students [1, 18, 39] . The values of alpha for male and female students was the same as the total sample (r α = 0.76), suggesting an acceptable reliability. Corrected item-total score correlations of the JSPE ranged from 0.11 to 0.54, and all were positive. Items 1, 8 and 15 that were not loaded on each component in the PCA had a corrected item-total correlation of 0.25, 0.35 and 0.34, respectively. These items also had a communality of 0.15, 0.21 and 0.21, respectively. This indicates that these items are unrelated to other items in the data set. In order to determine the degree to which the scale can demonstrate different scores for gender groups on each of the dimensions of the JSPE, known group validity was assessed.
The data from the independent samples t-test computed on each of the factors (dimensions) are presented in Table 4 . Gender groups were significantly different on the 3 dimensions. Female students were more likely to display compassionate care, perspective taking and emotional detachment than male students (Table 4) .
Discussion
Given (a) the worldwide use of JSPE within the context of patient care and doctor-patient relationship and (b) the importance placed on the enhancement of level of empathy among medical students, it was considered important to validate the scale for use with this group. Previous research studies have examined the factor structure by EFA [1, 18, 39] . To our knowledge however, this is the first study assessing the three-factor model of the JSPE using SEM by specifying relationships among the observed variables and the unobserved variables.
Based on the data, we generated a three-factor model using Varimax rotation. To determine the psychometric properties of JSPE, the specification of the three-factor model (hypothetical factors); identification of the model; assessment of fit between the model and the observed variables (items) were presented through the CFA approach. Following specifying the three-factor model and model identification, fit statistics indicted that the model concurs with the data and provided the best fit with observed variables. The three-factor model has been well identified as each factor has at least three indicators (items) which is required in the model identification [40] . However, we have renamed the "ability to walk in the patient's shoes" factor as "emotional detachment" since we feel that the items that have loaded into this third factor in our study are best explained by this concept.
Further model assessment shows that the hypothesised three-factor model of JSPE structure is well fitting across the gender differences of medical students. Consequently, we could conclude that the 20 item JSPE provides a valid and reliable scale to measure medical students' attitudes toward empathy. The results also supported that the scale is valid and reliable to measure the level of empathy in both male and female students. Therefore, medical educators can use the JSPE in order to assess medical students' attitudes regarding empathy.
The results from such assessments can be used to modify medical education programmes aiming at enhancing empathy. This study has been unable to compare the findings of the study with previous research studies as there are no studies undertaking the CFA approach and SEM to validate the JSPE among medical students. For this reason, further studies which compare the findings of this study and test the fitness of the three-factor model will need to be undertaken. Given the present study supported a multidimensional conceptualisation with eigenvalue > 1.25, it does not impede researchers from adopting other models including the unidimensional model. The findings of this study encourage medical education researchers to consider this scale for empathy enhancement among not only undergraduate and graduate medical education programmes but also practising doctors.
Limitations of the study
The findings of this study were based on data gathered from a single institution, arguably a sample of convenience. The findings may be somewhat limited in generalisability owing to their derivation from only a single medical school. The entirety of the sample is nonetheless representative of students from diverse multicultural and social backgrounds which may mitigate the aforementioned limitation. In addition, the PCA generated a hypothesised factor structure for the data set, which is confirmed on the same data set by the CFA. Because the same data set is used to both generate and then confirm the factor structure it may be less informative. Therefore CFA should be conducted with a different data set using the hypothesised factor structure. We wished to perform a secondary CFA in another school but it was not practically feasible. We hope that other schools in the UK use CFA in order to test the model by using their own data set.
Finally, one cannot overemphasise the limitations of self-reported data as this may limit the validity of findings. Respondents for various reasons may under or overestimate the practice of empathy. A methodological problem frequently associated with the use of self-report measures, which may have been evident in the present study, is the inability to determine the extent to which responses accurately reflects the respondents' experiences and expectations of their empathy due to social desirability and inaccurate recall.
Conclusions
The results of this study supported the usefulness of the JSPE as a brief, reliable and psychometrically sound scale for measuring empathy among medical students in relation to their patients. Moreover, a valuable model of the dimensional structure of empathy emerged, highlighting compassionate care, perspective taking and emotional detachment. This model can provide directions to enhance empathy in the context of medical education. We recommend that other medical schools, not just in the UK, to use the SEM in order to test the model by using their own data set. The results of this study further illustrate the utility of this method in the analysis of empathy item data.
